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The report of the following series of cervical sympathetic nerve
lesions, due to gunshot wounds, observed in the U. S. Army General
Hospital No. 11, was prompted by the comparatively large number
coming under our care at one time, and by the relatively few cases
noted in military literature to date. It may be that more such cases
have not been recorded during the present war, first, because in the
stress of work they were overlooked ; secondly, because of their slightly
defined symptoms ; and lastly, because it is possible that no evidence
of a Claude Bernard-Horner syndrome appeared until some weeks or
months after injury, the patients by that time having passed from
under medical supervision. Our patients, on the other hand, had in
some instances been wounded from six to nine months before admis-
sion to the hospital, and sufficient time had elapsed for symptoms to
develop. Then too, we had the opportunity to go over each case thor-
oughly, and to keep the patient under observation.
Heretofore the majority of sympathetic paralyses have occurred in
civil life, and have been due to causes other than traumatic, such as
cervical rib, aneurysm, enlarged glands, mediastinal tumors, and other
conditions ; although some have been due to injuries, and a few have
been recorded in times of war. The earliest data we have on this sub¬
ject, especially from the standpoint of ocular symptoms, dates back
to 1727, when Pourfour du Petitx made his experiments on the cervical
sympathetic nerve. In 1851, Budge 2 localized the center for the pupil-
lodilator fibers between the sixth cervical and the fourth dorsal ver¬
tebrae. Claude Bernard,3 in 1858, working on animals, observed the
1. Du Petit, Pourfour: Memoire sur la portion cervicale du nerf grand
sympathique; Memoires de l'Academie des Sciences, 1727.
2. Budge: Experiences demoutrant que l'origine du nerf sympathique dans
la moelle epiniere, Compt. rend. Acad. d. sc. 35:255, 1851.
3. Bernard, Claude: Recherches experimentales sur le grand sympathique
et specialment sur l'influence que le section de ce nerf exerce sur la chaleur
animal, Compt. rend. Soc. de biol. 5: Pt. 2, 277, 1853.
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ocular phenomena resulting from stimulation and section of the cer¬
vical sympathetic, while Homer, in 1861, published the first clinical
case of paralysis of this nerve. Mitchell, Moorehouse and Keene,4 in
charge of the nervous wards of the U. S. Army Hospital, Turner's
Lane, Philadelphia, during the Civil War, gave the first accurate
account of a gunshot wound of the sympathetic. Mr. Paget, in 1865,
referred to this condition in connection with injuries to the brachial
plexus.
Coming down to the present, Roche ' reported four cases in 1916,
and collected seven others, while Burger6 recorded one in 1917, and
Tournay 7 one in 1918. Our series of eleven cases was picked from
530 cases of peripheral nerve and spinal cord injury.
It is interesting to compare the prominence of symptoms in different
patients, and the completeness or incompleteness of the ocular sympa¬
thetic syndrome. This may be due, according to Bernard,8 to the fact
that the center for oculopupillary action is situated at the eighth' cer¬
vical and first dorsal vertebrae, while the centers for vasomotor, secre¬
tory and trophic changes are located at the second to sixth dorsal ver¬
tebrae. A lesion may thus involve one without affecting the others. In
this connection, he demonstrated by experiments on dogs, that section
of the first dorsal root produced oculopupillary symptoms, while sec¬
tion below this point of second to fourth roots caused only vasomotor
changes.
Oppenheim demonstrated in a gunshot wound of the neck, where
the first dorsal segment was exposed, that by stimulating the anterior
roots oculopupillary symptoms were produced, but none occurred on
stimulating roots below the first dorsal.
Krause thinks there are only oculopupillary symptoms if the spinal
cord is affected, while there are vasomotor symptoms if the rami com¬
municantes are principally involved. On the other hand, Mme.
Dejerine Klumpke,9 experimenting on dogs in 1885, demonstrated
4. Mitchel, Moorehouse and Keene: Gunshot Wounds and Injuries of the
Nerves, Philadelphia, J. B. Lippincott, 1864.
5. Roche: Les paralysies du sympathique cervical dans les blessures de
guerre, Arch. d'Ophth. 35:339 (Nov.-Dec.) 1916.
6. Burger: Contributions a l'etude de syndrome Claude Bernard-Horner,
Arch. m\l=e'\dBelges. 70:309 (Apr.) 1917.
7. Tournay: Remarques sur l'inegalite pupillaire dans des cas de myosis
unilateral par defect sympathique, Bull. de l'Acad. de m\l=e'\d.,Par. 80:486 (Dec. 3)
1918.
8. Bernard, Claude: Recherches experimentales sur le grand sympathique
et specialment sur l'influence que le section de ce nerf exerce sur la chaleur
animal, Compt. rend. Soc. de biol. 5: Pt. 2, 277, 1853.
9. Klumpke, Mme. Dejerine: Dejerine's Semiologie des Affections du Sys-
teme Nervous, Ed. 2, 1885, pp. 610 and 1156.
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oculopupillary phenomena only when rami communicantes of the first
dorsal nerve were affected.
It is not our purpose in this report to attempt to localize the pupil¬
lary, vasomotor or trophic fiber, but to present the cases in order of
prominence of their ocular symptoms, and then to discuss them briefly
from the standpoint of their neurologic diagnosis. Before doing this,
however, a summary of the anatomy and physiology of the cervical
sympathetic nerve might be of assistance.
ANATOMY AND PHYSIOLOGY OF CERVICAL SYMPATHETIC NERVE
The dilators and sphincters of the iris are too well known to need
description, but the exact anatomy of the involuntary muscles of the
orbits is still unsettled. In general, these muscles may be described as
follows :
Behind the eyeball smooth muscle fibers occur in the periosteum
and form a strong layer closing the orbital fissures. This is the mus-
culus orbitalis which prevents the contents of the orbit from sinking
backward. In the tendons of the levator palpebrae superiosis there
are also smooth muscle fibers, and closely related to these are the tarsal
muscles, small masses of involuntary muscle which lie at the bases of
the upper and lower lids and insert into the tarsi. All of these, through
their tonic activity, tend to keep the palpebrai fissure widely open.19
The innervation of the pupil is double, the midbrain autonomie
system sending fibers to the sphincter iridis, and the cervical sympa¬
thetic supplying the dilator. The orbital and tarsal muscles, and the
nonstriated part of the levator palpebrae superioris are supplied only
by the sympathetic system.
The spinal center for these sympathetic nerves lies in the lateral
horn of the eighth cervical and first and second thoracic segments.
Closely associated with this center are the cells of origin of the fibers
that control the sweating and vasomotor reactions of the face. Some
authors believe that the latter functions have their centers lower down
the cord, in the second to fourth thoracic segments.11 From these
centers in the cord preganglionic fibers arise and pass via the correa
sponding cervical nerves and remi communicantes to the cervical sym¬
pathetic chain, finally terminating in the superior cervical ganglion.
Superimposed on the spinal center there is doubtless a cortical con¬
trol, for such highly integrated reactions as fear and pleasure have
their oculopupillary and vasomotor concommitants. A bulbar center
also may be postulated, since lesions high in the cervical cord may cause
myosis.
10. Landstrom: Ueber Maebus Basedowi, Thesis, Stockholm, 1907.
11. Higier, H.: Nervous and Mental Diseases, Monograph Series No. 27,
New York, 1919.
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The peripheral nerves (in this case postganglionic sympathetic fibers)
arise from cells in the superior cervical ganglion. These fibers at first
are collected in the internal carotid plexus, but soon take separate
courses. The more inferior branches probably spread out to supply
the sweat glands and blood vessels of the face. The more superior
branches generally follow the ophthalmic branch of the trigeminal
nerve, and pass with the vasociliary nerve into the ciliary ganglion,
from which they emerge and proceed with the long and short ciliary
nerves to their endings in the smooth muscle fibers.
Physiologically, it must be kept in mind that the action of these
nerves is tonic. In the case of the pupil there is a balance of two
antagonistic systems, the autonomie sphincter and the sympathetic
dilator ; so the autonomie is allowed to act without restraint and cause
continuous myosis if the sympathetic innervation is cut off. In the
case of the vasomotor fibers to the blood vessels of the face, cutting
off the vasoconstrictor control might be expected to cause flushing, but
it is possible that there are also vasodilator fibers that may bring about
active flushing. Here again the exact anatomy is not known so that
the reactions cannot always be interpreted. Stimulation of the cervical
sympathetic causes increased sweating of the face, so interruption of
these fibers causes anhidrosis on the affected side. As the smooth
muscles of the eyeball are normally in tonic contraction, they keep the
globe forward and the lids separated. Cessation of this function is
followed by ptosis, narrowing of the palpebrai fissure and enoph-
thalmos.
Due to the anatomic relations of the structures just described,
certain symptoms are frequently associated with this sympathetic
syndrome. In the first place, injuries to the spinal cord above or at
the ciliospinal center may cause varying degrees of spastic paraplegia,
quadriplegia or hemiplegia. Most common of all is the lower brachial
plexus paralysis (Klumpke's paralysis) with atrophy of the small
muscles of the hand and anesthesia of the dermatomes corresponding
to the lowest cervical and upper two thoracic nerves. This condition
indicates a lesion of the nerve roots before they enter the plexus. The
recurrent laryngeal nerve may also be injured, causing hoarseness. In
addition any number of traumas may be found, such as fractures of
the vertebrae, injury to the larynx, etc. It is strange that any of the
patients with these bullet wounds of the neck survived.
REPORT OF CASES
Case 1.—History.—Private, Co. K, 30th Inf. ; aged 23. Previous to the injury
the history was unimportant. There was no suspicion of syphilis. Oct. 11, 1918,
at Verdun, the patient was struck by a piece of shell in the left side of the neck
just above the midclavicle; the missile lodged in the soft tissue just to the left
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of, and slightly above, the spinous process of the third dorsal vertebra. There
was immediate paralysis of the left arm, and the patient stated that for a week
he saw double. By the first week in November he could move the shoulder,
arm and forearm. Sensation also began to return except in the distribution of
the eighth cervical root. At about this time the' wound healed. Early in
December voluntary motion returned at the wrist. He was admitted to U. S.
Army General Hospital No. 11, on Nov. 30, 1918.
Examination.—Voluntary motion at the left elbow was weak and restricted.
There was complete loss of flexion and extension of the fingers of the left
Fig. 1.—I, cortical path; II, bulbar center; III, ciliospinal center in lower
cervical and upper thoracic cord, C. 8, Th. 1 and Th. 2 represent rami com¬
municantes to cervical sympathetic chain ; IV, cervical sympathetic ganglions,
inferior, middle and superior ; V, internal carotid plexus, giving off branches to(a) sweat glands of face, and (b) to blood vessels of face ; VI, trigeminal nerve ;
VII, ophthalmic nerve ; VIII, nasociliary nerve ; IX, ciliary ganglion ; X, orbital
muscle (of Müller) ; XI, levator palpebrai superioris with sympathetic branch
to the smooth muscle fibers; XII, tarsal muscles; XIII, dilator muscles of the
pupil. (N. B. The drawing is diagrammatic. No attempt is made to show the
exact anatomic relations.)
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hand, and only slight extension of the wrist. The entire extremity showed
atrophy ; the fingers were stiff and cyanotic. Sensory examination showed
anesthesia in the distribution of the whole brachial plexus ; but by January 23
this hypesthetic area was practically normal. With massage and electrical treat¬
ment there was marked improvement during the next three months, but no
return of voluntary motion in the intrinsic muscles of the hand. Myosis,
enophthalmos and ptosis of the left eye were noticed by the patient from the
beginning. Unilateral anhidrosis was present on the left.
Diagnosis : Contusion of the whole left brachial plexus, with severance of
the seventh and eighth cervical roots.
Ophthalmologic examination revealed marked enophthalmos, ptosis and
myosis of the left side; left palpebrai fissure 10 mm.; right. 13 mm; both pupils
reacted to light, accommodation and consensually, but the left slower than the
right. The diameter of the left pupil was 2.5 mm., right 3.5 mm. ; under cocain,
left 2.5 mm., right 5 mm. Tension, left eye 13 mm. of mercury, right 17 mm.
of mercury; no heterochromia irides. Vision 20/20 in both eyes;, near point
left 11 cm., right 12 cm. Ocular movements normal. Left globe slightly elevated
and left nictitating membrane slightly more prominent than right. Left cornea
appeared a little flatter than right. On excursion of the eye to the right, the
Fig. 2 (Case 1).—Marked enophthalmos, ptosis and myosis of the left eye.
difference in the size of the pupils increased slightly, while on turning to the
left the difference diminished slightly. Fundi and fields were normal. No
flushing of the face or hemiatrophy was noted. Lacrimation was normal.
Case 2.—History.—Private, Co. L, 18th Inf. ; aged 24. The past history was
negative. He did not have syphilis. At Soissons, July 21, 1918, he was struck
by a piece of high explosive shell in the right forearm and was thrown about
5 feet by the explosion, landing on his right shoulder. The right arm immedi¬
ately became numb and paralyzed. At Evacuation Hospital No. 5. he was
operated on and the bones of the right arm were set. No ether was necessary
on account of the anesthesia of the arm. During the next three months there
was no improvement in the paralysis. He was admitted to U. S. Army General
Hospital No. 11, Oct. 24, 1918.
Examination.—This revealed that on the outer side of the right forearm
there was a scar 1.5 inches long. The right arm was completely paralyzed, and
there was restricted motion of the shoulder. Electrical examination shows
normal response to faradic stimulation in the trapezius and supraspinatus
and infraspinatus muscles; all the other muscles of the right upper extremity
failed to respond. With the galvanic current there was a slow wavy contraction
in all the muscles that failed to respond to the faradic, except the intrinsic
muscles of the anterior surface of the hand in which there was no response.
Sensory examination showed anesthesia in the distribution of the fifth, sixth,
seventh and eighth cervical and first thoracic nerves.
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On Nov. 14, 1918, an operation was performed by Lieut.-Col. Charles H.
Frazier. The posterior triangle of the neck on the right was explored and a bul-
bus enlargement was found that represented the remnants of the brachial plexus.
It extended from the clavicle upward, tapering off into a single trunk which
proved to be the fifth cervical. The retracted stumps of the sixth, seventh and
eighth cervical nerves could not be found, although search was made almost up
to the intervertebral foramina. After this operation the patient stated he first
noticed that his right pupil was smaller than the left. It is probable that the
Fig. 3 (Case 2).—Inequality of pupils before instillation of cocain.
oculopupillary symptoms were present immediately after the injury, but passed
unnoticed ; and that their onset had no relation to the operation. A second
operation was performed on Dec. 19, 1918, by Lieut.-Col. Frazier. The exposure
was similar and the fifth cervical nerve root was identified and grafted with
two strands of the musculocutaneous nerve to a nerve in the shoulder, which
was thought to be the circumflex.
Diagnosis. Evulsion of the sixth, seventh and eighth cervical nerve roots
and of the first thoracic root of the right brachial plexus with contusion and
fibrosis of the fifth cervical root.
Fig. 4 (Case 2).—Showing increase of inequality after instillation of cocain.
Ophthalmologic Examination.—This revealed marked enophthalmos, ptosis
and myosis of the right side ; right palpebrai aperture 9 mm., left 12 mm. ;
pupillary reactions normal, but right slightly retarded ; diameter right pupil 2.5
mm., left 6 mm. ; width under cocain, right 2.5 mm., left 9 mm. ; ocular tension,
right 12 mm. of mercury, left 16 mm. of mercury ; vision 20/15 both eyes. Near
point, right 9 cm., left 10.5 cm. ; right eye slightly elevated ; ocular movements
normal. On excursion of the eyes to the right the difference in the size of the
pupils diminished, on excursion to the left the difference in the size increased
slightly. Fundi and fields were normal. The patient showed a slight hemi-
atrophy of the right side of the face.
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Case 3.—History.—Private, Co. C, 58th Inf. ; aged 27. The past history was
negative. On October 5 he was struck by a piece of shrapnel while advancing
at Verdun. This missile entered in the midline anteriorly just below the larynx
and passed out of the lateral aspect of the neck through the trapezius muscle.
There was immediate paralysis of the left arm and aphonia. Two weeks later
his voice and the movements of the left hand began to return. A week later
he noticed that his left eye was sensitive and that the lashes fell out. From
this time on there was steady improvement. He was admitted to U. S. Army
General Hospital No. 11 on Dec. 31, 1918.
Examination.—Physical examination showed paralysis of the left deltoid
and supraspinatus and infraspinatus muscles, with weakness of the brachi-
cardialis, biceps and triceps. There was no sensory disturbance. The voice was
hoarse and laryngoscopy showed partial paralysis of the left vocal cord. The
left palpebrai fissure was narrower than the right and the pupil contracted.
During the next four months there was improvement in the voice and the arm
movement, but the scapular muscles and deltoid were still atrophied, and weak.
Diagnosis: (1) Contusion of left brachial plexus with a severe lesion of the
fifth cervical root, causing a more permanent scapulohumeral type of paralysis ;(2) partial paralysis of left recurrent laryngeal nerve; (3) interruption of left
cervical sympathetic nerve.
Ophthalmologic Examination.—Marked enophthalmos, ptosis and myosis of
left eye. Left palpebrai aperture 7 mm., right 10 mm. The pupils reacted
normally, the left being slightly slower than the right; width of left pupil 2.5
mm., right 3.5 mm. ; under cocain, left 2.5 mm., right 5 mm. ; tension of left
eyeball 23 mm. of mercury, right 25 mm. of mercury. The left cornea appeared
slightly flatter than the right. The vision of the right eye was 20/20, left 20/20;
near point, left 11 cm., right 13 cm. Ocular movements were normal. The left
eye was slightly elevated. There was slight diminution of relative size of pupils
on gazing to extreme left, with a slight increase in size on directing gaze to
the right. Fundi and fields were normal. There was no disturbance of lacri-
mation or of vasomotor functions.
Case 4.—History.—Private, Co. D, 47th Inf.; aged 30. The past history
was negative. No syphilis was present. On July 30, on the Champagne front,
he was struck three times
—
first by a piece of shrapnel in the neck enteringjust to the left of the thyroid cartilage and passing out behind the sterno-
mastoid muscle at the same level ; second, by a machine-gun bullet from
behind, which fractured the first thoracic vertebra and lodged in the soft parts,
being removed the next day; and third, he received a gutter wound in the biceps
of the right arm. His legs were stiff and weak, and he was unable to walk.
He could not speak and the left arm was paralyzed. During September his
voice returned, but was hoarse. In late October he could walk a few steps if
supported. .
Examination.—Examination on admission to U. S. Army General Hospital
No. 11 revealed that the whole right side of the body below the third rib was
anesthetic to pain and temperature stimuli. In the distribution of the eighth
cervical and first and second thoracic nerves on the left there was anesthesia
to all forms of cutaneous stimulation. The arm was carried partly flexed, and
motion was limited at wrist and elbow; the thumb and fingers were spastic and
weak with fibrosis of the joints. The muscles of the trunk were hypertonic and
the tendon reflexes were greatly exaggerated with bilateral clonus. Babinski's
sign was elicited on both sides by touching the patient anywhere below the third
rib, and even by jarring the bed. Electrical examination showed that all muscles
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reacted to the faradic current. There was hyperhidrosis of the right side of
face. The left eye showed ptosis, enophthalmos and myosis. Roentgen-ray
examination revealed a fracture of the first thoracic vertebra.
Course and Treatment.—On November 5 laminectomy was performed by
Lieut.-Col. C. H. Frazier, and the cord was decompressed at the eighth cervical
and first and second thoracic vertebrae.
Fig. 5 (Case 4).—Showing unilateral sweating of the face.
Three months later the patient was able to walk half a mile. Anesthesia
on the right had disappeared, but it was still present in the left arm. The oculo¬
pupillary and sudomotor symptoms persisted. The tendon reflexes were still
exaggerated, and Babinski's sign could be elicited on both sides, but the clonus
had disappeared. The left arm was more freely moveable, but the fingers were
still spastic and weak.
Downloaded From: http://archneurpsyc.jamanetwork.com/ by a Dahlgren Memorial Library-Georgetown University Medical Center User  on 09/06/2015
Diagnosis: (1) Contusion of the spinal cord at the level of the eighth cer¬
vical and first and second thoracic segments, from machine-gun bullet. (2) Inter¬
ruption of the left recurrent laryngeal nerve, and of the left cervical sympa¬
thetic nerve by a piece of shrapnel.
Ophthalmologic Examination.—This revealed enophthalmos, ptosis and myosis
of left side, less marked than in previous cases; left palpebrai fissure 11 mm.,
right 13 mm. ; pupillary reactions normal, but left slower than right ; diameter
left pupil 2.5 mm., right 3.5 mm. ; under cocain, left 2.5 mm., and right 4.5 mm.
Tension was the same in both eyes. Vision was 20/20 in both eyes. Ocular
movements were normal in all directions. No change was noted in the relative
size of the pupils when looking to the right or the left. The fundi were normal.
There was no disturbance in lacrimation ; but marked flushing on the left side
of the face.
Case 5.—History.—Corporal, Co. F, 26th Inf.; aged 20. The past history was
negative; there was no history of syphilis. At Soissons on July 19, 1918, the
patient was struck in the right side of the neck by a machine-gun bullet that
entered 2 cm. above and 4 cm. to the right of the thyroid cartilage and lodged
to the right of the vertebral column at the level of the fifth and sixth cervical
vertebrae. Four days later it was removed at operation. There was immediate
paralysis of the right arm and shoulder, which began to improve after a few
weeks.
Examination.—On admission to U. S. Army General Hospital No. 11, on
August 27, motor disability was limited to weakness of the right arm and hand,
with inability to flex the thumb and index finger. There were sensory dis¬
turbances in the area of distribution of the seventh root; light touch and pain
were poorly felt, and there was pain and tenderness in the radial half of the
forearm and hand. Electrical examination showed that all muscles responded
to the faradic current. Narrowing of the right palpebrai fissure, with enophthal¬
mos and myosis was conspicuous.
During October there was marked improvement, and late in December he
was transferred to a Convalescent Detachment.
A special eye examination, December 10, showed: Vision, right 20/15, left
20/15. External examination: Slight ptosis of right upper lid. Right pupil
3 mm. in diameter, left 4.5 mm., both reacted to light and accommodation.
Ocular movements were good in all directions. Ophthalmoscopy : Fundi negative.
Diagnosis: (1) Contusion of the right brachial plexus causing temporary
complete paralysis of the right arm, with a residual irritative lesion of the
seventh cervical root, causing symptoms for six months; (2) interruption of
cervical sympathetic nerve in the neck.
Ophthalmologic Examination.—This revealed enophthalmos, ptosis and myosis
of right side. Width of right palpebrai fissure was 8 mm., left 10 mm. Pupils
reacted to light and accommodation. Diameter of right pupil was 3 mm., left
4.5 mm. ; under cocain, right 3 mm., left 7 mm. Ocular movements were good
in all directions; fundi negative; vision, right 20/15, left 20/15. There was
unilateral anhidrosis on right side.
Case 6.—History.—Private, Co. G, 28th Inf.; aged 20. The past history does
not reveal syphilis or other important facts. On July 18 he was struck in the
right posterolateral aspect of the neck by a machine-gun bullet which passed
forward and downward, coming out through the thyroid cartilage slightly to
the right of the midline. There was immediate paralysis of this shoulder and
upper arm, with aphonia for two weeks, and hoarseness thereafter. On August
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21 the oculopupillary symptoms were noted. On August 27 there was no return
of motor function and hypesthesia was found on the right arm in the dis¬
tribution of the seventh cervical nerve. On October 3 he was admitted to
U. S. Army General Hospital No. 11.
Examination.—The examination here showed paralysis and atrophy of the
right scapulohumeral muscles, with marked atrophy and no response to faradic
stimulation, except weak contractions in the triceps and biceps. There was no
sensory disturbance. Myosis,· enophthalmos and ptosis were present on the right,
with unilateral anhidrosis. There was gradual improvement, and on February
13 he was discharged with voluntary movement and faradic response in all
muscles. The oculopupillary symptoms did not improve.
Diagnosis: (1) Contusion of the outer cord of the right brachial plexus
causing paralysis of the right arm and shoulder of the scapulohumeral type ;
(2) interruption of the right cervical sympathetic nerve in the neck ; (3) inter¬
ruption of the right recurrent laryngeal nerve.
Ophthalmologic Examination.—Enophthalmos, ptosis and myosis were present
on the right. The right palpebrai.aperture was 6.5 mm., left 8.5 mm. Pupillary
reactions were normal ; pupillary measurements not recorded ; vision, right 20/5/J,
left 20/20. Refractive error was present in the right eye ; fundi negative ; uni¬
lateral anhidrosis.
Case 7.—History.—Private, M. G. B., 9th Inf. ; aged 28. On July 1, 1918, at
Chateau Thierry, he was wounded by shrapnel in the neck and right arm. The
projectile entered the neck 5 cm. above the junction of the inner and middle
thirds of the clavicle and lodged against the spinal column, fracturing the
transverse process of the seventh cervical vertebra.
For the first month he had pain in both arms, paralysis of both legs, and
of the right arm, and weakness of the left arm. Bladder and rectal control
were poor for six weeks. There was steady improvement and by March 6,
when he was admitted to U. S. Army General Hospital No. 11, he could walk
stiffly.
Examination.—The examination showed a Brown-Séquard paralysis with loss
of pain and temperature sense on the left side below the seventh cervical seg¬
ment, and weakness and spasticity of the right leg. There was also a partial
musculospiral nerve lesion of the right arm. Myosis of the right pupil and
"hemisweating" were noted on July 6. At operation on April 15, 1919, a
fragment of shell was removed from the right trapezius muscle.
Diagnosis : Contusion of right side of the spinal cord at the level of the
eighth cervical segment.
Ophthalmologic Examination.—This revealed enophthalmos, ptosis and myosis
of the right side; width of right palpebrai fissure 10.5 mm., left 12 mm. The
pupils reacted normally to light and accommodation; size of right pupil 2.5 mm.,
left 3 mm. Under cocain, right 3.5 mm., left 6 mm. Ocular tension, right 21 mm.
of mercury, left 23 mm. of mercury; vision, right 20/20, left 20/20. Muscular
excursions were normal. On turning the eyes to the extreme right there occurred
a slight diminution in difference between the size of the two pupils, while the
opposite occurred when looking to the extreme left ; fundi negative. There was
anhidrosis of the right side of the face.
Case 8.—History.—Private, Co. B, 11th M. G. B. ; aged 29. The past history
was negative. Syphilis was denied by name and symptom. On Sept. 28, 1918,
while on duty in the Argonne Forest, he was struck by a piece of aerial bomb,
which entered the neck in the midline anteriorly and did not emerge. The left
arm was immediately paralyzed completely and the legs were weak.
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There was also bleeding from the mouth and inability to speak. A week later
voluntary motion began to return in the fingers, and since that time there had
been steady improvement. The legs regained their motor power in two months.
There was difficulty in controlling the bladder for two months. No eye symp¬
toms were noticed by the patient. He was in bed most of the time until his
admission to U. S. Army General Hospital No. 11, on Dec. 5, 1918. He could
then walk a short distance, and by January 1 could walk a mile.
Examination.—Physical examinations made at various times from December
5 until March 17 and in various special departments revealed: Tachycardia con¬
stant between 110 and 130; the heart was otherwise normal. There was a small
circular wound scar on the anterior surface of the neck in the midline over
the larynx. Voluntary motion was weak at the left shoulder, elbow and wrist.
There was atrophy of the left arm, forearm and hand. The skin of this forearm
and hand showed scaliness and the nails were long and tender. There was
hypohidrosis in the left hand. The tendon reflexes were exaggerated on the
left, and in the left leg there was a short patellar clonus and a positive Babinski
sign. The whole right side of the body showed a hypesthesia to pain and tem¬
perature below the level of the tenth dorsal segment." The left vocal cord was
fixed near the midline. The left palpebrai fissure was narrower than the right.
There was pain in the left shoulder and hand, and the muscles of the left arm
were tender, especially the triceps.
Diagnosis: (1) Contusion of the spinal cord in the region of the eighth
cervical segment, more on the left than on the right side; (2) contusion of the
sixth, seventh and eighth roots ; (3) interruption of left recurrent laryngeal
nerve.
Ophthalmologic Examination.—This revealed enophthalmos, ptosis and myo¬
sis of the left eye; left palpebrai fissure 9 mm., right 11 mm. Pupils reacted
to light and accommodation, but the left was slightly slower than the right.
Diameter of the left pupil was 3 mm., right 3.5 mm. ; under cocain, left 5.5 mm.,
right 7 mm.; ocular tension, left 16 mm. of mercury, right 17 mm. of mercury;
vision, left 20/20, right 20/20 uncorrected; left near point 12 cm., right 16 cm.
No abnormal change in the relative size of the pupils was apparent on turning
the eyes to the extreme right or left. The left nictitating membrane appeared
slightly more prominent than the right. Fundi and fields were negative. Slight
diminution of sudomotor activity was noted on the left side of the face.
Case 9.—History.—Private, Battery I, 6th Field Artillery; aged 31. The
past history was negative—no syphilis. On June 4, 1918, at Cantigney, the
patient was struck in the back of the neck with a piece of high explosive shell
that fractured the sixth cervical vertebra and lodged in the vertebral canal.
He was immediately completely paralyzed in all four extremities. About July 15
voluntary movement began to return in both hands and arms, and a month later
in the left leg. There was no movement in the right leg until November.
There was complete loss of bladder and rectal control until October, when he
began to have slight improvement. He was admitted to U. S. Army General
Hospital No. 11, on Nov. 6, 1918.
Examination.—Physical examination showed hypalgesia below the second rib
on the entire left side. The right palpebrai fissure was narrower than the left.
There was motor weakness and spasticity in all four extremities ; the movement
of the right leg was limited to flexion of the toes, the right arm was weaker
than the left.
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Course and Treatment.—Treatment was directed to overcome spastic con¬
tractures and decubital ulcers. On January 23 a laminectomy was performed
by Lieut.-Col. Charles H. Frazier, and a fragment of shell was removed from
the dura at the level of the junction of the sixth and seventh cervical vertebrae;
it was pressing on the right posterior aspect of the cord. In the next three
months there was slight improvement in the movement of the legs, due largely
to physiotherapy, but the patient was still in bed with bad contractures of the
legs. Bladder control improved immediately after operation so that he could
hold his urine for nearly two hours, instead of fifteen minutes as was the casejust before operation.
Diagnosis : Compression of the seventh and eighth cervical segments of the
cord, mainly on the right side, causing a partial Brown-Séquard syndrome and
narrowing of the right palpebrai fissure.
Ophthalmologic Examination.·—This revealed enophthalmos, ptosis and myosis
on the right side. Right palpebrai aperture was 10 mm., left 11.5 mm. The
pupils reacted to light, accommodation and consensually. Slight difference in
activity between the two was noted, the right being a little slower than the left.
Diameter of the right pupil was 3.5 mm., left 4 mm. ; under cocain, right 4.5 mm.,
left 8 mm.; tension, right eye 18 mm. of mercury, left 22 mm. of mercury;
vision, right eye 20/20, left eye 20/20; right near point 10 cm., left near point
12 cm. The right eye was slightly elevated from the normal position. The
fundi were normal.
Case 10.—History.—Private, Co. I, 9th Inf. The past history was negative,
and there was no evidence of syphilis. Oh July 18, 1918, at Soissons, the patient
was struck by a machine-gun bullet. At the time he was aiming at a machine-
gun nest in a tree, and he thought the bullet came from that gun and struck
him in the left cheek, ranged downward and came out just at the left of the
spinal column. He was immediately paralyzed in all four extremities, but in
two weeks he could move his legs and right arm freely. During the next four
months there was steady improvement, and in November he could walk a mile.
Examination.—In April, 1919, the positive findings were : Fracture of the
fifth, sixth and seventh cervical vertebrae shown by the roentgen ray; stiffness
and limitation of motion in left hand and wrist; tendon reflexes increased in
arms and legs, less in left arm than in other extremities ; muscular spasms in
arms and legs occasionally. Constipation was present; there was no bladder
disturbance, but there had been loss of libido and potentia since the injury.
Diagnosis : Contusion of the spinal cord in the region of the seventh and
eighth cervical segments.
Ophthalmologic Examination.—Enophthalmos and myosis were present on
the left side. No ptosis was noted. The width of each palpebrai fissure was
10 mm. The diameter of the left pupil was 3.5 mm., right pupil 5 mm. The
pupils reacted to light, accommodation and consensually; activity of the left
was slightly diminished. Tension of the left eye was 20 mm. of mercury, right
eye 25 mm. of mercury; vision, left eye 20/20, right 20/20; near point of left
eye 13 cm., of right eye 14 cm. Muscular excursions were normal; fundi normal.
Case 11.—History.—Corporal, Co. E, 125th Inf.; aged 23. On Oct. 5, 1918,
he was struck by a machine-gun bullet which grazed the right shoulder and
passed into the right side of the neck and out of the left side of the neck at
a slightly higher level. Aphonia was the only symptom noticed immediately,
and after a few weeks he was able to whisper hoarsely.
Examination.—Examination, made November 5, showed immobility of the
right vocal cord. On Feb. 7, 1919, this cord moved slightly and the voice was
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less hoarse. A slight narrowing of the left palpebrai fissure was present; there
was no myosis or unilateral sweating. (See special ophthalmologic examination.)
Routine neurologic examination elicited no spjnal cord symtoms. He was dis¬
charged on February 27, with improvement in his voice.
Diagnosis: (1) Partial paralysis of the right recurrent laryngeal nerve,
recovering; (2) partial interruption of the left cevical sympathetic nerve. This
diagnosis seems probable, because the symptoms do not correspond to those
found either in the group of cord contusions or of nerve lesions presumably
complete.
Ophthalmologic Examination.—Enophthalmos, ptosis and slight narrowing
of palpebrai fissure were noted on the left side. No myosis was present. The
left palpebrai aperture was 11 mm., the right 12 mm. Both pupils reacted nor¬
mally to light and accommodation. Each measured 3 mm. in diameter, and
under cocain the dilatation was the same on both sides. Vision in both eyes was
20/20. Ocular movements were normal in all directions. The fundi were
negative.
Findings and Diagnosis in Authors' Cases
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SUMMARY
In correlating the above data, the most striking fact is shown by
arranging the cases in the order of the severity of their ocular symp¬
toms, and then observing the grouping of the neurologic diagnoses.
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Cases 1 and 2, the most severe, are both root lesions. They are
followed by four cases of lesions of the cervical sympathetic nerve.
All of these showed more conspicuous eye phenomena than the follow¬
ing four cord contusions. The last case had mild symptoms and seemed
to be a nerve lesion, but the neurologic examination was unsatisfac¬
tory, and there is a possibility that this case was one of cord contusion,
or partial interruption of the cervical sympathetic nerve.
Reviewing separately the more important symptoms, these results
are presented :
1. Enophthalmos was the most constant symptom, being present in
all cases, but most marked in the two root lesions, with a diminishing
degree of prominence as we go down the scale through the nerve
injuries, until the cord contusions are reached, where in Cases 10 and
11 it was only faintly perceptible.
2. Only one case failed to show at least a moderate degree of ptosis,
and this was one of cord contusion.
3. Miosis was present in all except Case 10 (the neurologic exam¬
ination of which, as we above mentioned, was unsatisfactory). It is
interesting that the pupils of the cases with the more severe lesions,
namely the root and nerve injuries, failed to dilate under cocain, while
the cord contusions dilated, but to a reduced degree, the range being
from 1 to 2 mm.
4. Hypotension was present in only five of eleven cases
—
the two
root and three contusion injuries. The nerve lesions showed no dif¬
ference in tension.
5. In comparing the width of the palpebrai apertures, we find that
the greatest difference between the sound and affected sides is seen
in Cases 1 and 2 (root lesions) and Case 3 (the most severe nerve
injury). Each of these shows a difference of 3 mm. The other nerve
cases register a difference of 2 mm., while three of the four cord lesions
present a variance of 1.5 to 2 mm.
6. Sudomotor disturbances were recorded in over 50 per cent, of
our cases, and as with the other symptoms, unilateral anhidrosis was
present in the more severe lesions, namely, Cases 1, 2, 4, 5, 6 and 7.
7. Only two patients showed vasomotor disturbances, Cases 2 and 4.
The explanation for this may be that we did not see our patients until
four to six months after injury, and possibly symptoms that existed
immediately afterward had disappeared.
8. Heterochromia irides was not present in any one of the eleven
cases examined. Presuming that this condition is due to paralysis of
the cervical sympathetic nerve, this symptom might be expected in the
cases classified under root lesions, and the more severe nerve injuries,
in which complete interruption was undoubtedly present.
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Wilson 12 reported a case in 1917 in a girl 14 years of age, whose
condition had existed for twelve years, resulting from swollen cervical
glands. Calhoun 13 has recently reported four cases, and found only
thirty-three others recorded in the literature. In all of these, hetero-
chromia had existed since infancy or youth'. After an exhaustive
study, he says that heterochromia irides has never been seen in adults,
as the result of sympathetic paralysis from trauma. Bistis " thus far
has reported the only case occurring in adults, following paralysis of
the cervical sympathetic nerve. As all the cases here reported were
adults, in whom the paralysis had been caused by gunshot wounds, the
statement of Calhoun seems to explain the absence of heterochromia
irides in this series.
9. Hemiatrophy facialis was observed to a slight degree in one
patient, Case 2, a root evulsion, involving the sixth, seventh and eighth
cervical and first thoracic roots. Weisenberg, in an unreported case
seen in U. S. Army General Hospital No. 3, saw hemiatrophy in a
similar wound, six months after injury, but as in the above, it was not
pronounced. Possibly if we were to observe these patients several
months longer, this condition would develop in a larger number, as it
has been observed quite constantly in paralysis of the cervical sym¬
pathetic of long standing.
10. Vision was normal or better in all patients but one, in whom
there was a refractive error corrected to normal. An interesting point
was noted in the difference between the near points of the good and
affected sides. Nearly all showed a variation of from 1 to 4 cm.
11. According to Tournay,15 the relative difference in size between
the miotic and normal pupils diminishes on directing the eyes to the
affected side, while the opposite is true when the eyes are turned
toward the healthy side. This we found to be true to a slight degree
in a few cases, but it was not a constant symptom.
CONCLUSIONS
1. Lesions affecting the seventh and eighth cervical and first thor¬
acic roots, through which sympathetic fibers run, cause the most
severe and typical oculopupillary syndromes.
12. Wilson: Heterochromia Irides in Nerve Case, J. Nerv. & Ment. Dis.
1:438, 1917.
13. Calhoun: Causes of Heterochromia Irides with Special Reference to
Paralysis of the Cervical Sympathetic, Am. J. Ophth. 2:255 (April) 1919.
14. Bistis: La paralysie du sympathique dans l'etiologie de l'heterochromie,
Arch. Ophth. 32:578, 1912.
15. Tournay: Remarques sur l'inegalite pupillaire dans des cas myosis uni-
lateral par defect sympathique, Bull. de l'Acad. de m\l=e'\d.Par. 80:486 (Dec. 3)1918.
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2. Lesions involving the cervical sympathetic nerves, with complete
or partial interruption, produce symptoms less severe, as a rule, than
root injuries.
3. Contusions of the cord result in the least pronounced phenomena,
and are more prone to complete recovery than the first two conditions.
4. Heterochromia irides did not occur in adults following injury to
the cervical sympathetic nerve.
5. The pupils of the cases with root and nerve injuries did not dilate
with cocain ; those of the cord contusions did.
6. The near point of the affected eye was less than its fellow in over
50 per cent, of the cases, the average difference being slightly over
2 cm. It is difficult to draw any definite conclusion on this point, as the
greatest variation was in a case of cord contusion, with only slight
ocular symptoms.
Explanation of Plate I
Fig. 1 (Case 1).—Arrow shows point at which shell struck neck.
Fig. 2 (Case 2).—Arrow shows point at which blow was received when
patient landed on right shoulder. Shaded portion shows area of sensory
disturbance.
Fig. 3 (Case 3).—Arrow shows point of entrance and exit of missile.
Fig. 4 (Case 4).—Arrows show path of shrapnel and point of entrance of
machine-gun bullet at first thoracic vertebrae. Shaded portions are areas of
sensory disturbance. .
Fig. 5 (Case 5).—Arrow shows point of entrance of machine-gun bullet
near thyroid cartilage. Shaded portion is the area of sensory disturbance.
Fig. 6 (Case 6).—Arrow shows path of machine-gun bullet. Shaded portion
shows area of sensory disturbance.
Fig. 7 (Case 7).—Arrow shows point of entrance of shrapnel. Shaded por¬
tion shows area of sensory disturbance.
Fig. 8 (Case 8).—Arrow shows point of entrance of aerial bomb. Crosses on
left arm indicate area of atrophy ; shaded portion shows area of hypesthesia to
pain and temperature.
Fig. 9 (Case 9).—Arrow shows point in neck at which high explosive shell
struck. Shaded portion is area of hypalgesia.
Fig. 10 (Case 10).—Arrow shows points of entrance and exit of machine-
gun bullet.
Fig. 11 (Case 11).—Arrow shows path of machine-gun bullet.
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Plate 1
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